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- , i^m^m- SEMICONDUCTOR DEVICE HAVING TRENCH TOP ISOLATION 

LAYERS AND METHOD FOR FORMING THE SAME) 



A method for forming a semiconductor device 
having trench top isolation layers. A substrate 
has a trench therein and a collar oxide is formed 
over the sidewall of the lower trench. A first 
conductive layer is formed in the lower trench and 
protrudes the collar oxide, and then a second 
conductive layer is formed on the first conductive 
layer and covers the collar oxide. An insulating 
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2 0 4 ~ H 4t & J% ; 
2 0 5 - * & * ; 

206~3SBB*BMt># ; 

20 8 - $ - *f- € * ; 

210 - ; 

212- £ ~ ^ % % ; 

2 2 0 - fit TS ijfe 4Mb ^ ,§ : 

2 2 2 ~ « & ^> <f M > 

2 2 4 - m fa # # d. ; 

2 2 6 - M & ° 



* > (®*n&m ■ SEMICONDUCTOR DEVICE HAVING TRENCH TOP ISOLATION 

LAYERS AND METHOD FOR FORMING THE SAME) 

spacer is formed over the sidewall of the upper 
trench where a gap is between the second 
conductive layer and it. The second conductive 
layer is thermally oxidized to form an oxide layer 
thereon and fills the gap. The oxide layer is 
removed before a reverse T-shaped trench top 
isolation layer is formed on the second conductive 
layer by chemical vapor deposition, and then the 
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* - *^L«-W*S* SEMICONDUCTOR DEVICE HAVING TRENCH TOP ISOLATION 

LAYERS AND METHOD FOR FORMING THE SAME) 

insulating spacer is removed. A semiconductor 
device having trench top isolation layers is also 
di sc losed. 
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*■ # a ^ 4fc#flfl;^-*l3»4tTSi* <a AJL >f 4i ^ jfe * > # 
#J & # M ^ - « * * * 4t.TS H 4b # ,§ (trench top 
oxide, TT0)^^^^^i^*^^^*° 

[ & itf «. #f 1 

-fc^flMbttt^jL&t ' « *» t « * ^ 41 # ' ft! 
I'J ^ f M i = fij ^ T if ^^3 t *i - 

ffl ^ « # t #j « & & t ' tfi^Ei^f^i& 
'It It f. ' W*»--t&llfil.&##.*&'lfc*t (dynamic random 
access memory, DRAM) ° & ^ #j D R AM it # & & - # ^ J# 
St f a B a It ( F ET ) Bl - M # t % • ifc # # St t B a a tt S It 

■It % Sl ° £ A s*. *& -It t. 4 a #r t ' m # t S- # «. 4 afr - 

>m * # 4i t -f ^ ' ffn # ^ m st t a a a it m & $L Ifc %H ft Jc 

jjL £p o £ ft , - j| IV t ^ #- t I ^ f S # f a a a ^ ^ fal A # 

I, - f ti f B t I > **|#$**tTJi*JjJ*L4b#* (trench top 
oxide, TTO ) ° 

^ It It i ° > frj *i - ^ & 

# 1 0 5 4& * - ^ a 4b ^ >f 1 0 2 A - ft 4b ^ >f 1 0 4 #f /£ • 
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-^€^108 > ^ - # a a a ^ >f . #1!tI^*itl03T 
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,#112 ' iH & - # # tfj Ja ^ ^ ' t£ i ^ 1 yf 1 0 8 _L > Ji 

ft**HJft*4H06 • # * ' .* # * 4 ft 4b ^ Jk (TTO ) 
114 > #J*o&e9Z*&#atft ( TEOS ) m fl£ 4i ft 4b #7 ' 4& 
15:^^^'t^ll2_L° 

(buried s t r a p e ) 1 1 0 ' ^j&^#ii^B«, 
Mt ># 1 0 6 _L 2r 2- & M. 1 0 0 t ' ffl a ^ t .^t ff> ^ t i f # B 
It 4i «. * H ' ^-3t.i§f-€^108^.112fln^-^t#€^l:'I±it 
° itb 4 ' if A f 1 1 0 M 4 ^ f t t # # ^> f >f ( 4t 

* ) t 4i # 3£ j£ -f- II ^ * 1 0 0 fln & /fc ° 

- it # m ft 4b # * ( TTO ) 1 1 4 #. «: * ^ * € * 1 1 2 
_h ^ ' m a ^ & flif # € S- ^ & £ ^ j& 4i £ JL € & ft 4i r-1 4i 
t 44 <& & o j& ^ 34 , jfc;|tTSiftft4b^,tll44L*#/fc&&T 
*l ^ 4* •• if & ' H***A«*^b#IL#3C*-* (high- 
density plasma CVD, HDPCVD ) £ ^ # 1 0 5 Ji 8l 4t 
1 0 3 ft * © ( f ># 1 1 2 _L 2r ) j<ffi a -14. /fc - ft -ft *& M ° * 
t ' * # 1 0 3 t ft ft 4b & 4i £ «p M- 1fr & m & *P - # ^ ' 

# * «f £ 4 JI * B£ * & M 1 0 5 _L ft ft 4b ^ ># a A # * 3& -14 
£1 * Bfc- # 1 0 3 #J m 41 ft 4b M ° & ffil ' # $J 41 44 ^ 
^ ^, 41 ft 4b ^ 41 3 'l± # t J: ' B t m ^ o & M $L ' ^ 
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# * > 3S.IHIB#L,*T*-ft4b#* 0 

# > <& W BR S T * - * ft 4b # M A. - *L 4b J% ft 
m J& ' Jl*Jf-&^200~3003£iMjJ&E - fal ^: ^£^^50-60 
* #J ft ffl • 

#*'&f!*&afc4*T*E9Z*£.#ift.ft( te traethy 1 
orthosi 1 icate, TEOS ) ^ ^ ;& 4l ft 4b #7 ii H * 4& ^ 4b <^ 
a Sfc * ( low-pressure CVD, LPCVD ) /£ ° 

# ^ X i& £ - a ft) • 

° Jk-f9-*ii£I.kte : - * 4& * - £ 
- ^ t >f * - II > A - & ^ «, $. » & ^ ^ 5- 
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I t ^ t£ i ^ £ - % % % _l > ii a S. iJt g| « m. M ° £b ^ 
*jt * «t 4 Mr 3? — M M ±. ' «#^jt^tiS^<BAfc^ ° - ffl 
^ «t 4 ^ & *fc # _L ^ J- #g, ML » 

# ^ ' ^ s & & 4 t £ - ft 4b # £ ° % - % % M h 

# * ' & 2l«AjL#'5r*i3Zi;&#Stft ( TEOS ) ft & 
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I; * ^ t ± i| @ # - # #: 4i ft Jfe H ^ II £ 'If ' 
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Tx^^itft t* #'J ' Jfe. as ^ M m m & ' # # .is t& ^ a 
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[ t ^ ^ ^ ] 

WTS^|2a$'J2g|^a^^t^ f ^ #'J ^ * # j» 4# Tl 

if & ' tf #- BR $2a il ' ^ # - & ^ 2 0 0 • *» - & 
^ 0 ^^^200*®_L^^-^^^205 • H t ^ » f- 
^ 2 0 5 * — 4? *L 4b ^ # 2 0 2 — >f & M- tfi & 4b & & 

2 0 4 m to. & • * t ' hit #j M- JSL #j I 00 % ( A ) 
^ is ' J-&^;&:fr&T&&4Mb*$£**ifii/£ 0 9l 4b M 
204#£.&#I-lfelOOOf'I 2000i£#!e.ffl > J. °T *•] ffl to M 4b * 
*L 4b jfc * * ' « a ^ ( S i C 1 2 h; ) * Ml H ( NH 3 ) $ & M 
J& # tfL ffij /& - # ^ ' # * f k> BLikM $L a 3fr * >t 
205 t^^titM o ' #«jp.^->f205^^-ttlDjjp.* ' it 

# # ft |£ « $J $L € ' #J *» & M & ^ 4k U (reactive ion 
etching, RIE) '^I'Jf-^^205^^oT^^&^200^ 

° »tb 4 ' A T ffi 4b El 3, ' flfc « - #203 & 

& £ ' *l*3*p&*fr-fcfc#203;&*P^/£-fctt«S 
( ijt ) 0 3* # & -f- : — if A ^ T f (buried 

plate, BP) ^ - fSlrtf ^-Jif#" ' ifA 

-fr€#-r&fUb#-IL'fb# (ON) 4 ># ^ & *L 4b ^ - *L 
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4b - ft 4b ^ ( ONO ) i I II 4 • 1 f A # # W t a B a 

^ ff\ ^ & « 

# * ' **«203T-^«P4L«« ( 4t € 38: Jl # ) # 
/& - aji ® #g, £. yf 2 0 6 ' 1H -kp n ft 'ft ^ M (collar oxide 

) - *l %L ' & W & W t& & .L # &. J& 2 0 0 M & ~ 

# # & 2 1 0 « & '4l £ %. m. t -ft £ - SSL « # H. - itb j& ' # 
$t H 2 1 0 & * $v f. m J» # # #j 1r t # ( % ) t # 
#^^.ig/v^^200ffn^^ ° 

# ^ ' £. m 4t 2 0 3 T 4- £P (lltf f tlf & ) 
^^-^-^t^208 • ^] - f a B B ^ ^ ^ ^ # # «J t a B a 
^ I . &t35--3l-€£208£{fc:»Sffl*&*|l£206 ° & • # 
^^-^t^208Ji^il-f^^tl212 ' - # & 

& S ^ ' ii «. jfc « ffl «, & >f 2 0 6 ' a ^ & - A It 4l 

* © - * * 46 #J t ' * # t * #- it ifi » - A * - if- « >f 
2 0 8 A 2 1 2 * # . & & 2 1 0 f «I4 i4 # - 

& T ' ff # .« * 2 b ffl ' £ JP- # 2 0 5 _L 3" A j» « 2 0 3 
i*3 * ® J$ m M ^ /£ - * ft -ft *$? M 2 1 4 Sl - H 4b ^ ,£ 
2 16 ° ^ i f Jfe^J t ' *H^b-^>f214-r*E9Z*^.^«ta 
( TEOS ) m ^ /& ^ ft 4b ii H * 4b * a *s Sfc * ^ /£ ^ ' * 
£-&#j£.50fJ60i£#l£K ° isj #. *b ' H4b#,f216«r4t* 
4b£fc,fcifc**^/&4L ' J- ^ 5. #) -fc 1 5 0 $'J 2 4 0 # #j |£ IS 0 

& T ' tf #- as £ 2c ffl ' & * # $ i% £k $>J > <rt 
RIE > 4ir & & %205 ±. & m #20 3 J& ^ ( £ t£ <£ ># 2 1 2 
-L 3r ) 4^ft4b^#214,R.ii>fb^,#216 ' a ^ # 2 0 3 _L 
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3p 4l #J ffi ^ /& IE Mt W fifc 9t 2 1 4 a & 2 1 6 a » 5. 
200~3003£#j3£,lfl " ^ & ' a*SJfcfflRfc«216a^*.?.#. 
£ ' it II & & ft. & ( HF ) *^1fcUii»J*t**I^A«P«i*B 
ML W m ^I214a ' # & #. Pal RR £21 4a £L21 6a * $ — ^ t * 
212 4l « * ^ - F-1 P£ » * * tt W.RR ^ % &d ^l50~60 ±£ ft It, 

m ° 

# T £ ' t# # as H 2d @ > 1f - $v ^ 4b S # ' a « 
9 — H- t * 2 1 2 Ji ^ A - # ft ft ft 4b ^ 4 2 1 8 & ft ffl ft - 
ifc 4 ' & fL 4b & ft & & ^ & & R ft &2l%3i*r &. Jl & k & 

^t^212^ft^b^ffl > m^##^ft^b^>t218^r^ 
* ft Pal BR «. # it j& * ' ft tt «. * ^ * * *# IK ** * 4 

• ft- ^ *h «E ftl * Jf- A 0 # # ' ft*fc*Ub 8? 
#ftMb#4218T£-#fc.#<.^'£!'l±» 

t T I. . tf #- as £ 2 e ffi » # & #j ft, 4b ^ # 2 1 8 ^ m & 

?# Jt H *ft *B Mt 4 ° -jSt * 5f ^ fc| t ' 
#1 & ft. ft *. ( HF ) fife- # * 6<j ft, 4b # £ 2 1 8 it ® T - A 
_ # 4a ik i£ & 3 ^ £ Pal « ^ & it ^ # jfc # Tl J$ ft t/t^t 
ffl ° 

# T & > If # as ^ 2 f @ ■ ir«fe-^b*«L^i^#i&^ • 
«-ikJLi££ffl#>^-<BJfc#220 ' JH # % J* # *ft ft & 

4 ■ ^^f il^Jt ' # # * 46. M 4b * a tfL « ( LPCVD ) 
& % — *± % frill ±. * ft ft - la ia 
( TEOS ) /tf^j&^JMb4frJi£dita£ra ' j* 
4t *fe ft, 4b ^ (TTO ) 2 2 0 o 
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i » ■Mtfc'E (8)' 

# ^ ' tf #- as # 2 g H > IE & ffl fifc # 2 1 4 a A 2 1 6 a « 
« ML ^ 2 2 0 Ji # ^ # - g i f i 3 || - 

IS] # & • *fr #- BS |2g ffl • *^5TiU^*W4L**3|:« 
TI 16 * ^ * * ft It * *•] ® * ffl - itb + Sf- It j£ 4 > *j 

*»-t&iStt^#*.te.'ltft ' & * - * ^ 2 o o ^ - n - t 

#208 > - % ^- ^ M M212 - - a m & & M 2 2 0 - 3l - & % 

1 A ft • *JS200**5.^-*#203 ' JL - a* H * * # 

— ft 4b ^ 0 

# - ^ t #208 ' *J *» - * a a B ^ * ' # tit * ^ * #203 
T -f £P ' H£ifc3lffli&4fc£206 ' J- £ — € >f 2 1 2 » M 

- # # ^ a a B ^ # - #. «t JL * - t£ 1 * 2 0 8 _L ' Jfc a «. 
3* IS IS Afc # 2 1 2 ° # * > 6iil6**220 ' #-J *> * & ^ 
flt A (TEOS ) m & A ft 4b ft ' ft «fc 4 ^ * — £■ t #212 
_L > a # & * # Tl ft 4b # # ( TTO ) ° 

# jl % b% m. fa n i m- a m *& «t # 2 2 0 _l 3- . a & - 

W & 2 2 6 > ffl ^ ^> € # 2 2 4 - - # $i H 2 1 0 - -JL - S* 

###[3224 - & t ' ^^#Hd224^r||^^^+i^fl^ 
^^^HPii^#203Tl^^^^200 t 0 210 
*£&&$L^Jfr#*fc#j-fr€£ ( ) 
&^200ff&^^,^^5i^fflJ6Mt-f206Ji^r4L4fe.^200 t 0 
W « ^> t # 2 2 2 a A & $v ft 4b * m ft ic ft 4b ^ # • m m 

2 2 6 & # & i% tp m # * Ji # * M ^ it- € 2 2 4 ffa ^ ^ 
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na.ffiJMK.'vj 

it i *j * 7F * n ° 

35 2 a $«J 2 g SI #, * * ^ *. * #J *L & & A % & 

# ^ : 

1 £q 

ioo~ & 4£ ; 

1 0 2 ~ ^ |L 4b ^ M • 

l o 3 - ft # ; 

1 0 4 ~ ft 4b # # ' 

1 05- f- ^ £ ; 
i o 6 ~ m m & & M ; 

108 > 112- t£ « >f ; 

1 1 4 - m ft T* H 4b # * ° 

2oo~ & 4& ; 

202 -214~#^-fb^/f; 

2 0 3 - # ; 

204 - 2 1 6 ~ H 4b ^ # ; 
2 0 5 - * ^ # ; 

2 o 6 ~ s *& Mt ># . ; 

2 0 8 - % - 9- % M ; 

2 1 o - wl &. # & n ; 
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212- % jl t$- % % ; 
214a > 216a~ & & fA RR * 
2 1 8 ~ # $£ #j ft 4b M : 
220~*4t:«J#ft'fb#* 
222- m fa % M ; 

22 6 - ffl ^ ° 




' & ^ T ?»J ifr J» : 

4fc 4* - & ^ ' «*^**5.^-*4t ; 

t£ >JMt t 4 £p ^ w f f ; 

^^*«T + «P^^-^-^t^ ' * til-It 

£ t* 4t _L 4- £P ^ #J £ ^ j& - ML Pal p£ ^ . £ t i* «, 

* - & H 4b «l * • a*tl^-f tili.^^-l.'fb 
% it m ft « « p£ ; 

^- ^ 1^ ft ^ ^ ; 

It - 4b * a *I >ft 4» m. % ' a ^ i | ^ If li ffj | 

^ 1^ ^ ig, g ffl RjC ^ o 

2 . ^f«fr**J|£B£l:*/tfi£^*:fr>&:itTKi*<ftg* 

& - w & ' 4tir T us#iiii & & ° 

3 . t tf Jf. *| g] | 1 JJ| ^- ijt JL # ft Tl *ft « g 4 
4 . in t fjf- -f- *l le, m | 1 J* #r it * # # Tl *£ « g yf 
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